In a previous paper it was shown (Allibone and Fich, 1946 ) that toxic and infective states raised the blood pyruvic acid level in spite ofwhat normally would have been an adequate thiamine intake. Ihis phenomenon was particularly noticeable in infancy. Two factors had now to be considered
The first was whether the vitamin was being absorbed. Diarrhoea, which obviously would interfere with absorption, is particularly common in toxic states in infancy. In the group of infants observed above, diarrhoea, though frequent, was not an invariable manifestation -and in these particular cases had not been severe. Nevertheless such a possibility needed to be excluded. The second problem was whether, under such crcumstances, an increased intake might be necessary to achieve the greatest metabolic efficency. Abbasy et al. (1937) had shown that in infective states there was an increased utilization of vitamin C as determined by blood levels and urinary excretion.
Further support for the latter possibility was to be found in the observations that the blood pyruvic acid became elevated in association with an increase in the environmental temperature (Mills, 1943) and in thyrotoxicosis (Davis and Bauer, 1944) , when a raised basal metabolic rate was probably the cause.
To investigate these possibilities it was decided to follow up infants who appeared likely to have a persistently high blood pyruvic acid, that is cases of marasmus, to give such infants a trial period on a physiological dose of thiamine and then, if the blood levels remained high, to give the vitamin parenterally. If there was still no response, the next step would be to give massive doses of thiamine either orally or parenterally.
A second type of case chosen for study as possibly having a high pyruvic acid was those infants with haenolytic anaemia Sinclair (1939) reported that haenin destroyed thiamine. In a previous paper Allibone and Finch (1945) had found # very low urinary thiamine excretion following successive * Part of a thesis submitted for the degree of Ph.D., University of 7 doses of the vitanin in two cases with hamolytic anaemi With regard to the first type of case studied, it was naturally impossible to be sure that a high initial pyruvic acid level would remain elevated long enough to enable the experiment to be concluded. In a number of cases a decrease in the blood pyruvic acid coincided with a clinical improvement which made it difficult to decide the cause of the faIL A number of cases were, however, satisfactory for the purpose required and are summarized below.
In order to obtain comparable figures, the same technique of sampling and estimation of the pyruvic acid was followed as was used in an earlier study (Allibone and Fmch, 1946) . The specimens of blood were colleted immatel before the mid-day feed. The pyruvic acid was estimated by a modification of the Neuberg-Case method.
Case Reports
Case 1, suffering from congenital syphilis, showed the persistence in a chronic infection of a high pyruvic acid uninfluenced by thiamine either orally or parentetally.
G. E. whose birth weight was 7 lb. (3,175 g.) and who was the first-born, was admitted at the age of two months weighing 9 lb. (4,082 g.) . For the past month he had been fretful, had had diarrhoea, and had been noticed to go a waxy colour from time to time. On-admission he was poorly and feverish. The abdomen was slightly distended, and both spleen and liver were enlarged to a depth of three fingers' breadths below the costal margn The haemoglobin was 5-95 g. per 100 ml, erythrocytes 2-5 millions, reticulocytes 4 7 per cent. The child was oniginally considered to be a case of haemolytic anaemia. His condition, however, rapidly deteriorated, the abdomen becoming more distended, tense and tender. The respirations were grunting as if he were in pain. The question of peritonitis was raised, and he was put on penicilin and given a transfusion of 225 ml. blood over a period of two days ( fig. 1) Although there was no initial gain m weight, the temperature and puls we satisfatoey. The baby seemed welL The blood pyruvic acid level, which on the second day was 2-78 mg. per 100 mL, fell seadily until by the ninteenth day it had readced 1 -12 mg. (fig 5) . Two days after this the baby became pyrexial, the pulse rate rose, and feeds were taken unwillingly. The condition was treated as one of infection, though the onset of the disturbance coincided with a heatwave which affected three other ematue babies in a similar way though to a kss degree. There was a concomitant rise in the blood pyruvic acid to 2-40 mg. per 100 ml. and weight began to be ained rapidly, which appeared strange until, on the thirty-fifth day, clinical oedema became obvious. Th1 oedema persisted in varying degree and did not seem to be associated in itself with any constitutional-disturbance. The baby's clinil condition now improved steadily, the oedema gradually disappeared following a blood tnssion, and the blood pyruvic acid eventually fell to normal.
CMMENT. The initial high blood pyruvic acid was an exaggerated example of the high levels which occur in full-term babies during the first week of life. In view of the precarious state of the premature baby's metabolic equilibrium, such high figures are no occasion for surprise.
The second fall in the blood pyruvic acid level came at the end of the febrile episode when the clinical condition improved greatly. If the thiamine injections contributed to this fall, the response was delayed. It had previously been noticed that a blood transfusion frequently lowered the level, and for that reason the vitamin therapy was stopped as soon as the tansfuion had been giv-en.
Case 6 showed the effect of the whole vitamin B complex on the blood pyruvic acid in a cas of coeliac disease in an infant. The neal condition was reasonably good apart from marasmus and some pallor. The blood pyruvic acid rinained elevated, rangng between 1-5 and 2-0 mg. per 100 mL ( fig. 6 ). An intramuscular injection of thiamine hydrochloride, I mg., was given eight-hourly for eleven days, when the dose was inceased to 5 mg. eight-hourly for a further fourteen days. This was without demonstrable clinial or metabolic effect After an interval of twelve days intramucular injections of vitamin B complex were given (I ml. contained 10 mg. of thiamine, 0-5 mg. riboflavn, 25 mg. niacin amide, 0-5 mg. piridoxin, 0-5 mg. calcium pantothenate). Initially 1 -5 ml. was given daily for the first ten days. The dose was then doubled and continued for a further twenty-eight days. The weight now began to increase and continued to do so, though slowly. The pyruvic acid fluctuated between 1-13 and 2-0 mg. per 100 mL of blood. When the baby was twenty weeks old the fat comprised 57 per cent.
of the dried stool, the daily faecal fat excrtion of 4-4 g. being 24 per cent. of the fat ingested. After a rest from therapy for sixteen days, he was given 5 mg. foLic acid orally daily for twenty-five days, by the end of whic period the blood pyruvic acid had gradually fallen to 1 -20 mg. per 100 ml. The faecal fat comprised 42-5 per cent. of the dried stool. The daily output of 2-0 g. was 
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tract infection. Afte hydration had ben achieved, the weight ined ary until the diarhoea ceased in the fourth week, after which weight was gained Commencing on the fourteenth day, 0-07 mg. thiamine hydrochloride was given by intramusular injection eight-hourly for ten days without appreciable effect The total daily requirement of thiamine was about 0-12 mg. This therapy was followed by 1 mg. thiamine orally eight times daily after feeds. It coincided with the cessation of the diarrhoea and with a fall of the pyruvic acid to a normal lee of0-87 mg. (fig. 7) One might assume that the rise in pyruvic acid before the strangulation was due to the cessation of oral therapy. It must, however, be remembered that cows' milk, even after allowing for loss in pasteurization, still contains approximately twice the quantity of thiamine in human milk (Lawrence et al., 1945 (Allibone and Finch, 1945) . Davis and Bauer (1944) found raised blood pyruvic acid levels in hepatic diseas In view ofthe difficulty ofasing the snan of the raised blood pyruvic acid in icters gravis during the first week of life, six older infants were colklted who had a haemolytic anaemia, but no jaundice. Three cases had had icterus gravis and we admitted with an exacerbation of the haemoblic process; in one case there was an acute haenorrhagic nephritis thought to be a sequel to a steptococcal tonsillitis. In two the cause was unknown. All infants in this group had a raised blood pyruvic acid, the average figure being 2-53 mg. per 100 mL of blood (table 2) .
After a blood tansfusion the blood pyruvic acid fell in every case except one. The level however, (Stotz, 1945) , but it is thought that pyruvic acid is carboxylated to oxaloacetic acid, which is then utilized in two cycles, the citric acid or the succinic acid (Bicknell and Prescott, 1946 (Sure, 1944) . In rats depletion of thiamine is associated with an inreased concentration of nboflavm in the liver (Singher et aL, 1944) . The association of biotn and pantothenic acid with pyruvic acid metabolism was shown by a decrsed oxygen consumption in the presence of pyruvate by homogenates of liver from pantothenic and biotin deficient rats (Pilgrim et aL, 1942) . The addition of small amounts of biotin under such circumstances accelerated the removal of the substrate (Summerson et aL, 1944 ).
An accumulation of pyruvic acid in the blood may be caused either by retardation in its breakdown to carbon dioxide and water or by failure of resynthesis to glucose. Whatever the process, the number of factors participating in these reactions are suffently numerous to indicate that a raised blood pyruvic acid cannot be considered synonymous with thiamine de-ficncy. Williams et al. (1943) considered that a high blood pynivic acid after the ingstion of glucose signified a itamin defickiency, provided insulin hypoglycaemia, hyperthyroidism, mild diabetes, and other factors related to carbohydrate metabolism could be excluded. On the grounds given in the previous paragraph, this manoeuvre does not render the test more specific although it may become more delicate. Lu and Platt (1939) achieved a similar effect by estimating the blood pyruvic acid after exercse.
In none of the infants in this series of cases was there reason to suspect beriberi nor could either clinical or metabolic improvement be definitely attributed to the vitamin therapy. On the other hand cases of benrberi respond dramatically to thiamine. Platt and Lu (1939) found that the removal of pyruvic acid from the blood on giving thiamine was initiated after a lag of about four hours, the time interval being due to the conversion of thiamine into its acive form cocarboxylase. In adults with acute beriberi a single dose of from 5 to 10 mg. of thiamine reduced blood pyruvate levels of 3 -0 to 5 -0 mg. to normal in about ten hours. In a fatal cas of a boy with congestive heart failure due to beriberi, with cirrhosis of the liver and terminal pericarditis, previously reported by Allibone and Baar (1946) , 12 5 mg. thiamine was given by intramuscular injection in divided doses daily. The blood pyruvic acid fell from 1 -97 to 1-13 mg. per 100 mL in twenty-four hours.
Three days later, on the day before death, it was 0-70 mg. (fig. 9) The aised blood pyruvic acid in the newborn -was not thoroughly investigated. Although the probable cause was a temporary disorganization of metabolism following birth, other possibilities have to be considered. In rabbits (Lu, 1939) and in man (Johnson and Edwards, 1937 ) the blood pyruvic acid is raised after exercise. It is likely that during labour the blood pyruvic acid in the mother will be raised, and that this increase would be shown in the blood of the newbom. As normal values are reached again within an hour after excrcise, this factor should not operate after the first day.
The presence of ketosis will give high values. The colorimetric method used for the determination of pyruvic acid was based on the isolation of sodium pyruvate 2,4-dinitrophenylhydrazone and the reaction of the latter with strong alkali to form a red derivative. The corresponding hydrazones of acetone and acetoacetic acid give a similar red colour with alkali. As a result a ketosis gave erroneously high values for pyruvic acid. It was, therefore, our practice to abandon the estimation in the presence of ketonuria. Sometimes, however, it was impossible to obtain a specimen of urine in a newborn infant, particularly in a female. Bueding et al. (1941) with a severe constitutional disturbance, as was seen in G. E. (case 1). The possibility that the fall might be a dilution phenomenon, due to a low pyruvic acid in the donor's blood, had to be considered. The occasional high blood pyruvic acid following transfusion was against such an explanation. The pyruvic acid level in stored blood from a healthy donor depended on the time it had been kept in the refrigerator. It appeared that the catabolism of glucose continued as far as the pyruvic acid stage rather faster than beyond it. The pyruvic acid, in consequence, rose for about a week and then, all sources of pyruvic acid having been exhausted, the level began to fall (table 4) . Blood from a healthy donor, therefore, contains potentially the same amount of pyruvic acid during the first week of storage. As the pyruvic acid estimation following transfision was usually performed after an interval of two to three days, adequate time was allowed for stabilization to take place. In normal animals an excess of pyruvate can be removed from the blood in half an hour (Lu, 1939 
